Starch branching enzyme (SBE), which is one of the key enzymes associated with amylopectin biosynthesis, plays important roles in variable biological processes. Despite its importance, SBE is rarely studied in the banana (Musa acuminata L.) which is a typical starchy fruit. Here, a family of ten SBE proteins (MaSBE) was firstly identified through genome-wide characterization in M. acuminata, which could be clustered into three subfamilies. Systematic transcriptome analysis revealed temporal and spatial expression variations of MaSBE genes and differential response patterns under abiotic and biotic stresses in both banana genotypes, Fen Jiao (FJ) and BaXi Jiao (BX). Moreover, MaSBE2.4 was temporally regulated during fruit development and ripening as well as in response to various abiotic/biotic stresses in both genotypes. Specifically, MaSBE2.3 expression level was higher in FJ than in BX following cold, salt, and drought stress treatments, and it was specifically induced by fungal infection in BX. Characterization of hormone-and stressrelated cis-acting elements in the promoters of MaSBE genes suggests their multiple biological functions. In conclusion, our study provides new insights into the complex transcriptional characteristics of the SBE genes, and demonstrates their crucial roles in improving amylopectin biosynthesis and strengthening stress resistance in banana.
136 The ExPASy tools (http://expasy.org/) were used to predict the molecular mass and isoelectric points of the 137 MaSBE proteins. Motifs of MaSBE proteins were identified and annotated by the MEME software 138 (http://meme-suite.org) and by the InterProScan database (http://www.ebi.ac.uk/Tools/pfa/iprscan). Exon-139 intron structural features of MaSBE genes were analyzed by Gene Structure Display Server (GSDS) software 140 (http://gsds.cbi.pku.edu.cn). 2,000 bp upstream promoter sequences of MaSBE genes were downloaded from 141 the banana A-genome database (http://banana-genome.cirad.fr) and was used to predict the transcription start 142 site and cis-acting elements by a database (http://www.fruitfly.org/seq_tools/promoter.html) and by the 143 PlantCARE software (http://bioinformatics.psb.ugent.be/webtools/plantcare/html).
144 RNA extraction, library construction and transcriptomic analysis Total RNA was extracted according to the protocol of the plant RNAout Kit (TIANGEN Biotech, Beijing, 161 Expression patterns of MaSBEs in different tissues, at fruit different development and ripening stages, and 162 under abiotic/biotic stresses were further determined by qRT-PCR in a Stratagene Mx3000P detection system 163 (Stratagene, San Diego, CA) with a SYBR ® Premix Ex Taq TM kit (TaKaRa, Shiga, Japan). Primer pairs were 164 identified by melting curve analysis and agarose gel electrophoresis and its amplification efficiencies ranged 165 from 0.9 to 1.1. These identified primer pairs were used to quantification analysis (Table S2) 
